, over-expressing EGFP bound to histones and membrane-bound mCherry in all cells. Note that while these embryos express both EGFP in the nucleus and mCherry on the membrane of all cells, we only amplified the former with antibodies (see below), and the expression of the latter was rather weak. Membrane labeling was visible in images of embryos both pre-and post-expansion, yet dimmer than other stains. This labeling of membranes did not interfere with the imaging of spectrally overlapping staining which was localized to the nucleus and cytosol.
Immunohistochemistry protocol and antibodies used
Briefly, embryos were dechorionated prior to fixation via treatment with 1 mg/ml pronase (Sigma, P5147) for 5 min at room temperature. 6 days post-fertilization (dpf) larvae were fixed in 4% paraformaldehyde (Electron Microscopy Sciences, PA) in phosphate buffered saline (PBS) for 8 hours at 4°C. Embryos were fixed in 4% formaldehyde (diluted from a 37% stock, BDH, 0500-1LP), overnight at 4°C. After fixation, whole larval brains were manually dissected out of the larvae, removing all the skin around the brains. Prior to primary antibody application, embryos were placed in blocking buffer (2% Normal Goat Serum, 1% Bovine Serum Albumin, 1% DMSO, 0.25% Triton-X in PBS) for at least 2 hours at room temperature, and larval brains for at least 1 hour at 4°C. Antigen retrieval was applied to larval brains by placing them for 5 minutes at room temperature, then for 15 minutes at 70°C, in 150 mM Tris-HCl, pH 9.0 (9). Primary antibodies were diluted 1:100 in blocking buffer and applied for no less than 1 day and up to 3 days at 4°C. Secondary antibodies were diluted 1:200 and applied for the same duration, also at 4°C.
The following primary and secondary antibodies were used to generate figures: (11) and consequently, the corresponding signal in expanded images is weaker than it could have been if a different infrared dye (such as Atto647N or CF633) had been used. Furthermore, the penetration of mouse anti-α-tubulin (Sigma-Aldrich, T6074) primary antibody into embryos was poor, and therefore we used a high concentration of this antibody.
However, shallow cells in embryos were very strongly stained, including some non-specific staining, and microtubules in deep cells were still only weakly stained. In cells at intermediate depth, however, staining was strong and specific. We judged staining quality by looking at dividing cells, where the structure of microtubule fibers is stereotyped; if such dividing cells appeared highquality, we would select nearby cells (e.g., non-dividing ones) for analysis.
Expansion
Brains already stained with primary and secondary antibodies were treated with 0.1 mg/ml Acryloyl-X, SE ( to the tissue-slice gel chamber described previously (12), using two #2 coverslips as spacers.
This chamber was thick enough to fit both larval brains as well as shield-stage embryos separated from their yolk sacs. Brains and embryos were incubated in the chamber for 1 hour at 4°C to allow monomers to diffuse through the tissues, then transferred to a humidified 37°C incubator for 2 hours for gelation. Digestion was performed by incubating gels overnight at 50°C in Proteinase K (New England Biolabs), diluted 1:50 to 16 units/mL in digestion buffer (50 mM Tris pH 8, 1 mM EDTA, 0.5% Triton X-100, 0.5 M NaCl). Then, gels were expanded by placing them in excess volumes of doubly deionized water for 30 minutes, replacing the water for additional 30-minute washes 4 times.
Imaging: excitation and emission collection wavelengths
For images obtained on the Andor spinning disk confocal system, 3 excitation wavelengths were used: 488 nm, 561 nm and 642 nm. Green fluorescence was collected through a 525/50 nm filter, red through a 617/73 nm filter and far red through a 685/40 nm filter. For images obtained on the SIM, 488 nm and 568 nm excitation wavelengths were used. Green fluorescence was collected through a 528/48 nm filter, and red through a 609/37 nm filter. For images obtained on the Leica TCS SP8 STED microscope, an excitation wavelength of 488 nm and a depletion wavelength of 592 nm were used, and emission collection was between 502 and 561 nm. For images obtained on the Leica TCS SP8 confocal microscope, an excitation wavelength of 488 nm was used and emission collection was between 500 and 550 nm.
Measurement error quantification
First, unlike thin mouse brain slices, zebrafish brains, due to their ellipsoid-like morphology, are prone to high variability in their 3D orientation when mounted for imaging and gelling.
Consequently, the 3D orientation of data acquired pre-and post-expansion varied significantly, potentially contributing to variability in comparing pre-vs. post-expansion data, and a 3D similarity transform was applied to register the datasets. In particular, we first scaled images by measuring the length of specific features pre-and post-expansion to estimate the expansion factor. Then, Fiji's "Name landmark and register" plugin was used to identify corresponding points in the scaled pre-and post-expansion datasets and apply a rigid transformation to register the two datasets.
To generate Supp. 
Glycine receptor cluster segmentation
Glycine receptor clusters on M cell axon images were segmented, as shown in SI appendix, Supp. Fig. 6 , using code written in Matlab. First, the axon was manually segmented out of each image. Then, intensity in the masked image was normalized to a 0-1 range. An intensity threshold was applied to the resulting image to generate a binary image where all pixels with intensities higher than the threshold were replaced with binary 1's and the rest with 0's. The number of distinct connected components (with a connectivity of 8) in the binary thresholded image was then found. Components that were too small (occupied less than 3 pixels pre-expansion and 12 pixels post-expansion) were not counted, as visual inspection revealed that such small components typically represented noise.
Analysis of embryonic cell nuclei morphology
The morphology of embryonic cell nuclei was visually assessed by examining the structure observed in the lamin B staining channel. This was performed on samples of 30 nuclei from neighboring cells selected at random from each of the pre-and post-expansion datasets. For each nucleus, the number of disconnected structures present, the number of exit points from the nucleus, and the number of internal end points within the nucleus, were counted. An unpaired ttest was used to establish statistically significant differences in the mean values of these features.
Supplemental movies
The 3D volume rendering for Supp. Movie 1 was generated using Imaris. The M cell mask was generated manually, using the "segmentation editor" plugin included in Fiji.
Supp. Movies 5-8 show individual cell nuclei cropped out from stacks containing images of many
cell nuclei in expanded embryos.
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SUPPLEMENTARY FIGURES
Supp. Fig. 1 . Validation of expansion microscopy of zebrafish. A,B, Pre-and post-expansion images of 6 dpf larval zebrafish brains sparsely expressing membrane-bound EGFP (EGFP-CAAX) in a small subset of cells (see Fig. 1 and related text). Left two images of each row: maximal intensity projections of pre-and post-expansion stacks where a similarity transformation was applied to align the pre-expansion stack with the post-expansion stack. Right two images of each row: the similarity transformation was applied to the post-expansion stack, to align it to the pre-expansion stack. All image panels are maximum intensity projections. A, Pre-expansion data was acquired with a structured-illumination microscope (SIM), and postexpansion data with a spinning disk confocal microscope. B, Pre-expansion data was acquired with a stimulated emission depletion (STED) microscope, and post-expansion data with a confocal microscope. Supp. Figure 11 . Intra-nuclear invagination structures in late prophase nuclei. A-B, Examples of nuclear structures similar to the one shown in Fig. 5A , observed in prophase nuclei of expanded embryos. A, Left column, single plane from the nucleus. Right three columns, Maximal intensity projection of the centrosome and nearby invagination containing region of the nucleus. AI-II, Nuclei containing a channel running between the two centrosomes, which, in contrast to the nucleus shown in Fig. 5A , have no apparent microtubule staining within the channels. Note, however, that this absence of observed microtubule staining may be due to poor staining quality as described in the Results and Methods. AI, Arrowheads, centrosomes at the two openings of a channel. AII, Right arrowhead, centrosome at one side of a channel opening. Left arrowhead, a centrosome at the edge of a channel opening. AIII, In this nucleus both centrosomes are located in a plane above the one through which a microtubule-stained channel traverses the nucleus. Arrowheads, centrosomes. AIV, In this nucleus, one centrosome is located away from an invagination channel opening while the other is located at an opening to an indentation that ends within the nucleus (the maximal intensity projection reflects the presence of a channel running through the nucleus at a distinct plane). Arrowhead, the centrosome located at an opening of a nuclear-membrane indentation that ends within the nucleus. AV, In this nucleus, one centrosome is located at a channel opening while the other is located at the opening of a nuclear-membrane indentation that ends within the nucleus (the maximal intensity projection reflects the presence of a channel running through the nucleus at a distinct plane). Arrowhead, the centrosome located at the opening of a nuclear-membrane indentation that ends within the nucleus. B, Maximal intensity projections of the areas containing centrosomes and nearby invaginations in 8 more nuclei at late prophase. BI, A nucleus containing a channel running through it in between two centrosomes, located at the edge of the nucleus rather than deep within it as the channel shown in Fig. 5A . BII, A nucleus containing a channel passing through it with one centrosome located at a channel opening and another located near the other channel opening. BIII, A nucleus containing a curved, rather than straight as in Supp. Figure 13 . Lamin B staining near microtubules in prometaphase nuclei. Microtubules (red) and lamin B (blue) staining in 3 selected planes within 4 different nuclei (one in each row) at prometaphase. White arrowheads, lamin B staining next to microtubules that protrude into the nucleus. Yellow arrowheads, microtubules at the boundaries of nuclei, overlapping with surrounding lamin B staining. I-III. Prometaphase nuclei where lamin B staining is observed next to nearly all microtubules that protrude into the nucleus. IV. A prometaphase nucleus approaching the transition from prometaphase to metaphase. Consequently, the number of microtubules protruding into this nucleus was larger than in the other nuclei, lamin B was more depolymerized and chromosomes were presumably more tightly organized near the spindle equator. The fraction of microtubules protruding into the nucleus that were associated with nearby lamin B staining in this nucleus was lower than in the other prometaphase nuclei described above. Scale bars: 5 µm (20.5 µm)
